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Abstract 
Electron momentum distribution (EMD) on trans-stilbene single crystal projected along [101] direction has been 
studied by using positron two dimensional -angular correlation of annihilation radiation (2D-ACAR). The projected 
EMD is explained with respect to the molecular arrangement in the plane. The EMD features reflected the 
delocalized electronic states in [101] direction. The results of EMD mapping did not show a characteristic 
ellipsoidal distribution at lower momentum region (LMR) as observed in trans-stilbene projected to [010] direction 
at room temperature. The LMR region exhibits a hexagonal contour projected to [101] direction. 
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1. Introduction 
Positron (e+) annihilation techniques have found their applications in a variety of fields in material science, viz., 
studies of electronic structure, lattice defects, surface/interface states, and so forth. Normally, positronium formation 
occurs in the materials which have localized electrons, molecular vacancies, impurity addition and free-volume 
defects [1]. A two dimensional angular correlation of annihilation radiation (2D-ACAR) experiment constitutes a 
powerful technique for information on the electronic structure of the materials. Visualization of electronic structure 
of solids using positron annihilation allows one to understand the local electronic environment and to study defects 
in atomic scale [1-4]. 
In the past, few attempts have been made to study the defect structures in organic molecular crystalline materials. 
Goworek et al. [5-7] have carried out systematic studies of the influence of both impurity induced and thermally 
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created defects in particular aromatic crystals of p-terphenyl and pyrene. They suggested that in many pure 
molecular crystals such as anthracene, p-terphenyl and pyrene the positronium formation could be neglected. Cottini 
et al. and Jain et al. have reported that there is no positronium formation in solid anthracene, whereas the 
positronium formation was observed at the melting point [8] and in liquid anthracene [3]. In the aromatic 
hydrocarbon categorized molecule, trans-stilbene is one such material which is of interest due to its application in 
nuclear radiation detection. 
In the recent past, positron life-time measurements in trans-stilbene have revealed that the delocalised electrons 
hinder positronium formation due to the aromatic structure at room temperature (RT). These studies also revealed 
the phase transition at low temperature and a meager probability of positronim formation [9]. Recently, we have 
reported the 2D-EMD mapping of trans-stilbene for selective self-seeded vertical Bridgman technique (SSVBT) 
grown crystals projected along [010] direction and the hindrance of positronium formation was also reported at low 
temperatures [10,11]. 
In the present paper, we have made further attempts to get a better understanding on the dynamic electronic 
structure, on the mapped 2D-ACAR spectrum for [101] direction at RT. 
2. Experimental 
Trans-stilbene samples used in the present study were grown by a SSVBT [12,13].  The structural perfection of the 
grown crystal was studied using X-ray rocking curve studies. The grown trans-stilbene crystal was subjected to 
positron 2D-ACAR studies. In this experiment, py was fixed to a direction such as [100] as reported earlier [10] and 
the c-b plane rotated to 45 degrees. Then the momentum distribution of the e+-e- pair is then integrated along pz 
[101] such that px and py are along  ]110[  and [100] directions respectively. The crystallographic directions were 
identified to confirm the px, py and pz direction using an Enraf Nonius Single Crystal X-ray diffractometer. The 
crystal is monoclinic structure and the determined lattice parameters a = 15.720Å, b = 5.741Å, c = 12.394Å and  = 
112.096° are in good agreement with the previously reported values [10]. Indigenously developed 2D-ACAR 
system based on the large area position sensitive detector kept ~ 8.3 m away covering an angular range of 45 x 45 
mrad2 [14,15] was used for the present study. 2D-ACAR system and analysis were explained in detail [10] and the 
measurements were done as reported earlier. The data were collected for a total of 6x106 counts and the experiment 
was repeated for good statistics and consistency of the observed features. All the measurements were carried out at 
RT. Prior to analysis, the as-collected data were also subjected to angular efficiency correction due to the non-
uniform response on the detector surface. Further the distribution was folded into its symmetry according to the 
crystallographic direction by following a rough smoothing using a Savitzky-Golay filter and an edge correction in 
order to improve the quality of the distribution. 
3. Results and discussion 
Figures 1(a) and 1(b) show the surface and contour plots of the EMD for trans-stilbene at RT, respectively, 
projected along [101] such that px is along ]110[  and py along [100]. The distributions are presented for ±12 mrad 
with contour spacing of 1/16 of the maximum value. This EMD projection has not shown formation of a narrow 
momentum component that corresponds to positronium formation. Iwata et al studied the interaction of positrons 
with an individual atom or molecule in a gaseous medium and reported the localized electrons [16]. Such 
localization is absent in the present stilbene crystal. In the earlier studies on trans-stilbene by positron lifetime 
measurements [9], one of the lifetime components was attributed to a very low probability of positronium formation 
owing to the aromatic structure of the crystal. However the present study confirms the absence of positronium 
formation due to pick-off annihilation. The present EMD for the projected direction [101] shows a slight change 
from our earlier studies projected to [010] with a flat distribution in LMR [10]. This is attributed to the presence of 
delocalised electrons in the benzene rings of the solid trans-stilbene along the [101] direction. These flat 
distributions are similar to free EMDs observed in metals and semiconductors [1]. 
Contour plot along [101] direction (Fig. 1b) shows nearly circular distributions in higher momentum region 
(HMR) and the hexagonal distributions in the lower momentum region (LMR) are not present in the projected 
direction of [010] at RT [10]. The hexagonal distribution appears at ~ ± 1.4 mrad for [101] direction and is due to 
the molecular structure and the disorderedness of trans-stilbene. The distribution exhibited by anthracene [17] and 
trans-stilbene [10] single crystals projected at [010] direction is elliptical and is due to the monoclinic structure of 
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the two crystals. This confirms that EMD projected along [010] direction is elliptical for the monoclinic molecular 
crystals [17, 10]. That is the first Brillouin zone of these crystals and changed to hexagonal along the [101] direction 
of trans-stilbene crystal. The probability of bound pair formation between the positron and a delocalised electron is 
absent in the trans-stilbene. The nonappearance of a narrow momentum component indicates the absence of 
exchange interaction between the electron in positronium and the electrons of the surrounding molecules in these 
crystals and also the absence of free volume around the molecule. In the HMR region, no changes have been 
observed in the momentum distribution in all directions. The hexagonal EMD (LMR) at RT projected along [101] is 
expected to change to circular or elliptical distribution because of the freezing of rotational and torsional vibrations 
of the molecule at low temperatures [11]. 
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(a) (b) 
Fig. 1 (a) Surface and (b) Contour plots of 2D-ACAR spectrum N(px,py) for trans-stilbene ,  projected along [101] 
such that px is along ]110[  and py along [100]. The distributions are presented for ± 12 mrad with contour spacing of 
1/16 of the maximum value. 
Fig. 2 (a) Surface and (b) Contour plot of experimental anisotropic A(px,,py) from the 2D-ACAR distribution for 
trans-stilbene, projected along [101] such that px is along ]110[  and py along [100]. The distributions are presented 
for ± 12 mrad with contour spacing of 1/16 of the maximum value. 
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The anisotropic surface and its contour plots of experimental anisotropy from the 2D-ACAR distribution for 
trans-stilbene are shown in Figs. 2(a) and 2(b) respectively and they exhibit high anisotropy. Two-fold symmetry is 
observed in both cases of anisotropy and the surface distribution reflects the crystallographic two-fold symmetry. 
Figure 3 shows the cross section of N(px,py) annihilation rate plot. A small dip at px, py=0 is the intrinsic EMD of 
trans-stilbene which has also been observed for other directions [10]. Small distribution changes are observed in the 
py direction in combination with the px direction. The well observed anisotropies in the LMR are along the [001] and 
[100] direction [10]. But, in the present study, the slight anisotropic contributions of stilbene in the LMR occur 
along the ]110[  and [100] directions. A uniform distribution is observed in the HMR in the current and previous 
studies [10]. A small change in the overall LMR and HMR are attributed to different molecular orientations along 
the ]110[  and [100] crystallographic directions. However, the distribution is more isotropic when compared to 
earlier studies [10], and it is due to the molecular arrangement in the projected crystallographic directions being 
different compared to previous reported trans-stilbene single crystals. The mapping of electronic structure projected 
along the different crystallographic direction will be very useful for further studies of these molecular crystals. 
4. Conclusion 
The EMD for trans-stilbene at RT projected along [101] has been studied. We conclude that a hexagonal 
distribution has been exhibited in the LMR which was not present in our earlier studies of trans-stilbene and 
anthracene crystals projected along the [010] direction at RT. Hexagonal distribution at LMR in the present study 
confirms that the elliptical distribution projected along [010] direction corresponds to the monoclinic structure of 
trans-stilbene crystals and also shows the same elliptical structure other molecular crystal such as anthracene.  
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Fig. 3 Cross-section of 2D-ACAR spectrum extracted from N(px,py) shows 
the distributions along ]110[  as N(px,py=0) and for [100] as N(px=0,,py). 
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